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Objective: To validate a new parameter of the distance between the external os (EO) and placental edge
(PE) to diagnose a low-lying placenta in the third trimester.
Materials and methods: The study participants included 94 uncomplicated singleton pregnant women
with cephalic presentation. These women were cared for in our hospital in 1998e2011, with a
posterior low-lying placenta, which was diagnosed as the distance between the internal os (IO) and a PE
of 0e3.0 cm at 34e36 weeks' gestation. Measurements of cervical length (CL) and the distances of IOePE
and EOePE were performed using transvaginal ultrasonography at least twice at 28e30 weeks, 31e33
weeks, and 34e36 weeks. Changes in CL, and the IOePE and EOePE distances were analyzed.
Results: CL and the IOePE and EOePE distances did not change prior to 31e33 weeks. CL was shortened
and the IOePE distance was increased after 31e33 weeks (p ¼ 0.0001), but the EOePE distance was
unchanged.
Conclusion: The EOePE distance is a promising parameter for diagnosis of low-lying placenta in the third
trimester up to 36 weeks' gestation.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All
rights reserved.Introduction
Low-lying placenta is sonographically diagnosed as the
placental edge (PE) and is located within 2e3 cm from the in-
ternal os (IO) in the third trimester [1e10]. In such cases, the
likelihood of antepartum and/or intrapartum hemorrhage is high,
and this requires cesarean delivery. The cases currently diag-
nosed as low-lying placenta are relatively heterogeneous. In
general, the shorter the distance between the IO and PE is, the
higher the likelihood of ante- and/or intrapartum hemorrhage.
However, the rate of cesarean delivery among cases with a dis-
tance between 1 mm and 20 mm has a wide range of 40e90%tal and Neonatal Medicine,
nan-ku, Fukuoka 814-0180,
oshizato).
rk.
bstetrics & Gynecology. Published[2,5e10]. To improve the prediction of ante- and/or intrapartum
hemorrhage, some investigators have proposed new parameters,
such as placental migration rate in the third trimester [4,11,12]
and the shape of the PE [5] in combination with the distance
between the IO and the PE.
The IO, which can be viewed via ultrasonography, is just the
distal end of the cervical canal. The cervical length (CL) is affected
by various factors, including a distended bladder, dynamic changes
in the lower uterine segment produced by localized contractions,
and physiological and pathological cervical maturation [1,13].
When the CL is short because of premature labor, the IO moves
toward the external os (EO). However, the location of the EO cannot
be affected by changes in CL. The location of the PE should logically
be determined, not by the distance from the IO, but from the EO
instead. However, to date, there is no such deﬁnition for the diag-
nosis of low-lying placenta.
In this study, we describe the age-related changes in the dis-
tances between the EO, IO, and PE with advancing gestation inby Elsevier Taiwan LLC. All rights reserved.
Figure 1. Measurements of cervical length and the distances between the internal os
(IO) and placental edge (PE). EO ¼ external os.
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segment in the third trimester of pregnancy. We aimed to validate a
new parameter of the distance between the EO and PE for diagnosis
of a low-lying placenta.
Patients and methods
The study participants consisted of 94 normal singleton women
with low-lying placenta located on the posterior lower uterine
segment with cephalic presentation, who were cared for in our
hospital between January 1998 and December 2011. All patients
underwent cesarean section at 36 weeks' gestation onward. A low-
lying placenta was deﬁned as that in which the distance between
the IO and the PE was 0e3 cm on an ultrasound measurement at
34e36 weeks' gestation. The patients' characteristics are shown in
Table 1. The protocol of this study was approved by the Institutional
Review Board of Fukuoka University Hospital, Fukuoka, Japan, and
all patients gave informed consent to this study.
Observations of the uterine cervix, lower uterine segment,
and placenta were made using ultrasound equipment (model
SSD-3500 and Prosound 6; Aloka, Tokyo, Japan) with a curvi-
linear transvaginal transducer of 7.5 MHz. Scans were performed
with women placed in the prone position with an empty bladder.
Once the cervical canal was clearly visualized, the EO, IO, and
placenta were identiﬁed. The PE was determined as the outer
edge of the marginal sinus when visualized. CL and the distance
between the IO to PE (IOePE distance) were measured along the
curvature of the cervical canal and the lower uterine segment
(Figure 1). The mean of three measurements was used to calcu-
late each distance in millimeters. The distance between the EO
and PE (EOePE distance) was calculated by the addition of CL and
the IOePE distance. In each case, ultrasound measurements were
performed starting at 28e30 weeks or later until 36 weeks at
every 3-week interval. In 52 cases, measurements were made at
28e30 weeks, 31e33 weeks, and 34e36 weeks. In an additional
42 cases, measurements were made at 31e33 weeks and 34e36
weeks. Therefore, there was a total of 94 cases in which mea-
surements were made at 31e33 weeks and 34e36 weeks.
Changes in CL, and the IOePE and EOePE distances from 28e30
weeks to 31e33 weeks and from 31e33 weeks to 34e36 weeks,
were analyzed. The rate of change in CL, and the IOePE and
EOePE distances between two consecutive age groups were
calculated by dividing the distance between two measurements
by the number of weeks of the corresponding two scans. Sta-
tistical analysis was performed using the Wilcoxon U test. Sta-
tistical signiﬁcance was set at p < 0.05.
Results
The CLs at 28e30 weeks, 31e33 weeks, and 34e36 weeks were
41.8 ± 8.7 mm, 40.8 ± 8.0 mm, and 37.1 ± 8.3 mm, respectively.
There was no change in CL between 28e30 weeks and 31e33Table 1
Patient characteristics of 94 women with a low-lying placenta.
Maternal age (y) 32 (19e42)
Parity 0 (0e4)
Previous cesarean section 5 (5.3)
Antepartum hemorrhage 15 (15.9)
Gestational age at delivery (wk) 37 (36e38)
Emergency cesarean section 7 (7.4)
Blood loss at cesarean section (g) 950 (290e3385)
Neonatal birth weight (g) 2753 (2077e3495)
Data are presented as n (%) or median (range).weeks, but it became shorter between 31e33 weeks and 34e36
weeks (p¼ 0.0001), with a rate of1.2 ± 2.2 mm/wk (Figures 2 and
3). The IOePE distance at 28e30 weeks, 31e33 weeks, and 34e36
weeks was 13.1 ± 8.1 mm, 13.3 ± 7.6 mm, and 17.3 ± 6.8 mm,
respectively. The IOePE distance did not change between 28e30
weeks and 31e33 weeks, but it became longer between 31e33
weeks and 34e36weeks (p¼ 0.0001), with a rate ofþ1.2 ± 1.9mm/
wk. The EOePE distance at 28e30 weeks, 31e33weeks, and 34e36
weeks was 54.9 ± 11.7 mm, 54.1 ± 10.0 mm, and 54.4 ± 10.0 mm,
respectively. The EOePE distance did not change between 28e30
weeks and 31e33 weeks or between 31e33 weeks and 34e36
weeks.
Discussion
The current study found that CL did not change prior to 31e33
weeks but shortened thereafter in the third trimester. This rep-
resents the physiological process of cervical maturation, which
occurs in the mid third trimester [14]. By contrast, the IOePE
distance did not change prior to 31e33 weeks but lengthened
thereafter. This phenomenon is generally recognized as placental
migration, which is accelerated in the late third trimester. The
mean placental migration rate at 31e33 weeks and 34e36 weeks
was þ1.2 mm/wk in our study, which is consistent with other
reports [2,7,8]. Placental migration observed mostly in the second
trimester is hypothesized to be caused by “dynamic placentation”
and/or “placental wandering.” The former process is the result of
apoptosis of the lower PE, and the latter is attributable to differ-
ences in the blood supply from the uterine vasculature to the PE
[15,16]. The EOePE distance did not change throughout the
observation period in the third trimester, indicating that placental
migration observed in our study was mainly a result of “migra-
tion” of the IO toward the EO caused by the physiological short-
ening of CL.
There are various possible factors related to the IOePE dis-
tance and CL. To standardize such factors as much as possible,
ﬁrst, the data were limited to  36 weeks' gestation. This is
because the fetal presenting part has already descended in most
cases at term, which may compress the posterior lower uterine
segment, possibly leading to extension of the IOePE distance.
Second, we excluded cases with noncephalic presentation
because compression of the fetal presenting part to the posterior
lower uterine segment should be standardized as much as
possible. Third, measurements were performed while the
Figure 2. Changes in cervical length and the distances between the internal os and placental edge (IOePE distance), and between the external os and placental edge (EOePE
distance) from 28e30 weeks' gestation to 31e33 weeks' gestation and from 31e33 to 34e36 weeks' gestation. Red, blue, and black lines indicate an increase, decrease, and no
change between the two age groups, respectively. The numbers above the dots indicate mean ± standard deviation (SD). The difference between the two datasets is shown as
mean ± SD when statistically signiﬁcant.
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is compressed while full, it may affect the CL.
A limitation of this study is that there were limited data based
on a posterior low-lying placenta with cephalic presentation. Cases
of an anterior low-lying placenta and breech presentation in the
third trimester comprise approximately 20% and 5e20% of cases of
a low-lying placenta and total pregnancies, respectively [8,17].
Cases of a posterior low-lying placenta with cephalic presentation
are estimated to comprise approximately 70% of the total cases of
low-lying placenta. The placenta migrates more rapidly in cases of
an anterior low-lying placenta than in those of a posterior low-lying
placenta in the early third trimester [8]. Our study showed that the
placenta did not migrate in the third trimester as it did in thesecond trimester. When cases of an anterior low-lying placenta are
included in analysis, the results may be different. The issue of
whether an anterior low-lying placenta and noncephalic presen-
tation affect the IOePE distance needs to be clariﬁed.
In conclusion, in patients with a posterior low-lying placenta,
the distance between the EO and PE does not change in the third
trimester up to 36 weeks' gestation, regardless of changes in CL.
This parameter could be promising for predicting obstetrical out-
comes in cases of a low-lying placenta, such as rates of antepartum
and intrapartum hemorrhage, and cesarean delivery rate. Future
studies on the relationship between this parameter in the third
trimester and clinical outcomemay lead to a new deﬁnition of low-
lying placenta.
Figure 3. Summary of the changes in cervical length, and the distances between the
internal os and placental edge, and the external os and placental edge from 28e30
weeks to 34e36 weeks.
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